Rubrivirga profundi sp. nov., isolated from deepsea water, and emended description of the genus Rubrivirga T was observed at 25 C, pH 7.5 and in the presence of 3.0 % (w/v) NaCl. The DNA G+C content of strain SAORIC-476 T was 66.2 mol%, and the sole isoprenoid quinone was MK-7. The predominant cellular fatty acids were summed feature 9 (iso-C 17 : 1 !9c and/or 10-methyl C 16 : 0 ), iso-C 17 : 0 , C 17 : 1 !8c and iso-C 15 : 0 . The major polar lipids constituted phosphatidylethanolamine, phosphatidylglycerol, diphosphatidylglycerol, three unknown phospholipids and four unknown polar lipids. On the basis of taxonomic data obtained in this study, it was concluded that strain SAORIC-476 T represents a novel species of the genus Rubrivirga, for which the name Rubrivirga profundi sp. nov. is proposed. The type strain of Rubrivirga profundi is SAORIC-476 T (=NBRC 110607 T =KACC 18401
T ).
The genus Rubrivirga (Park et al., 2013 ) is the most recently described genus in the family Rhodothermaceae (Ludwig et al., 2011) of the order Cytophagales. The genus Rubrivirga currently consists of only a single species, Rubrivirga marina, that was isolated from a deep-seawater sample (3000 m) collected from the western Pacific Ocean. The genus is characterized by being aerobic, chemoheterotrophic, and having pale red-pigmented and rod-shaped cells that contain MK-7 as the major respiratory quinone and phosphatidylethanolamine, phosphatidylglycerol and diphosphatidylglycerol as major polar lipids. In a separate research cruise in the western North Pacific Ocean, we isolated a pale-red-pigmented bacterium that was closely related to Rubrivirga marina, from deep-seawater at a depth of 3000 m. In the present study, strain SAORIC-476 T , isolated from deep-sea water, is described as a representative of a novel species of the genus Rubrivirga based on phylogenetic and phenotypic characterization.
Strain T was isolated from a deep-seawater sample obtained from the western North Pacific Ocean (32 00¢ N 145 00¢ E; depth, 3000 m; water temperature, 1.6 C) during the research cruise (MR-11-05) of R/V Mirai [Japan Agency for Marine-Earth Science and Technology (JAMSTEC)] in May 2011. The deep-sea water sample was transferred into the cleanroom of the RV and 100 µl of the sample was inoculated onto marine agar 2216 (MA; BD Difco) diluted 1 : 5 (v/v) with aged seawater (referred to as 1/5 MA). The agar plates were incubated at 10 C for 30 days. After primary isolation, strain T was maintained conventionally on MA or in marine broth (MB; BD Difco) at 25 C and also preserved as glycerol suspensions (20 %, v/v) at À80 C for long-term preservation. Rubrivirga marina SAORIC-28 T was revived from a frozen glycerol stock and used as a reference strain for phenotypic comparison throughout the study.
Abbreviation: ASW, artificial seawater.
The GenBank/EMBL/DDBJ accession number for the 16S rRNA gene sequence of strain T is KR108283.
Two supplementary figures are available with the online Supplementary Material.
Genomic DNA was extracted using InstaGene Matrix (BioRad) according to the manufacturer's instructions. An almost full-length 16S rRNA gene sequence (1462 bp) of strain SAORIC-476 T was obtained by PCR amplification and subsequent Sanger sequencing using bacterial universal primers: 27F, 519F, 800R, 926F and 1492R (Lane, 1991) . In order to ascertain the phylogenetic position of strain SAORIC-476 T , the 16S rRNA gene sequence of the strain was first queried in a BLASTn search implemented at GenBank, which showed that the strain was affiliated phylogenetically with the family Rhodothermaceae. According to pairwise sequence comparison in the EzTaxon-e server (Kim et al., 2012) , strain T shared the highest sequence similarity with Rubrivirga marina SAORIC-28 T (96.8 %), followed by Rubricoccus marinus SG-29 T (93.3 %) and Salinibacter luteus DGO T (87.1 %). In order to reconstruct phylogenetic trees, multiple sequence alignment was performed using CLUSTAL X (version 1.83) (Thompson et al., 1997) . The aligned sequences without ambiguous nucleotide positions, which were removed manually, were imported into MEGA version 6 (Tamura et al., 2013) and used for phylogenetic analyses. Phylogenetic trees were built by neighbour-joining (Saitou & Nei, 1987) using the JukesCantor correction (Jukes & Cantor, 1969) with uniform rates, maximum-parsimony (Fitch, 1971 ) using the treebisection-reconnection (TBR) method with the number of initial trees as 10, and maximum-likelihood (Felsenstein, 1981) using the general time reversible (GTR) model with gamma-distributed and invariant sites (G+I). The topological robustness of phylogenetic trees was confirmed by bootstrap analyses (Felsenstein, 1985) based on 1000 replications. In all phylogenetic trees generated in this study, strain T formed a robust clade with Rubrivirga marina SAORIC-28 T and Rubricoccus marinus SG-29 T with 100 % bootstrap support, and strains SAORIC-476
T and SAORIC-28
T constituted a sub-clade supported by >98 % bootstrap value (Fig. 1) . Based on the formation of the robust sub-clade and <97 % 16S rRNA gene sequence similarity (96.8 %) with Rubrivirga marina SAORIC-28 T , it is suggested that strain SAORIC-476
T represents a novel genomic species of the genus Rubrivirga (Stackebrandt & Goebel, 1994) .
Strain T and reference strain Rubrivirga marina SAORIC-28 T were routinely maintained at 25 C on MA and their phenotypic characteristics were compared using cultures grown under similar culture conditions. Temperature range and optimum for cellular growth were monitored at 4, 10, 15, 20, 25, 30, 37, 42 and 45 C, and pH range and optimum were assessed at pH 5.0-10.0 (at 0.5 pH intervals) using MB. The pH was adjusted using the following buffering system: MES pH 5.0-6.0, MOPS pH 6.5-7.0, HEPES pH 7.5-8.0, Tris pH 8.5-9.0 and CHES pH 9.5-10.0. Growth with 0-5 % NaCl (at intervals of 1 %) was determined in NaCl-free artificial seawater medium (ASW; Choo et al., 2007) containing 0.5 % (w/v) peptone and 0.1 % (w/v) yeast extract. Cell morphology, cell size and presence of flagella were observed by light microscopy (E600; Nikon) and/or transmission electron microscopy (CM200; Philips). In order to get electron micrographs, cells from an exponentially growing culture were negatively 
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Thermonema rossianum NR-27 stained with 2.0 % (w/v) uranyl acetate on a carbon-coated copper mesh grid. Motility was tested from wet mounts of exponential-phase cells. Gliding motility was examined by phase-contrast microscopy as described by Bowman (2000) . Anaerobic growth was determined using the AnaeroPack system (Mitsubishi Gas Chemical). Gram staining was performed using a Gram staining kit (bioM erieux). The presence of flexirubin-type pigments was confirmed by the bathochromatic shift test using 20 % (w/v) KOH solution (Bernardet et al., 2002) . Catalase and oxidase activities were tested as described previously (Park et al., 2013) . Other biochemical tests were carried out by using API 20 NE, API ZYM and API 50CH strips (bioM erieux). Suspension medium for the API strips was supplemented with ASW. Results of API 20NE, API ZYM and API 50CH tests were recorded by following the manufacturer's instructions after 5 days of incubation. Sole carbon source utilization was tested in a 48-well microplate containing 47 different carbon compounds at a final concentration of 0.02 % (w/v or v/v), as described by Cho & Giovannoni (2003) . Utilization of carbon substrates was determined by measuring cell counts after incubation of the microplate for 5 days. After incubation, 200 µl of sample from each well in the microplate was stained with 1 : 2000 (v/v) diluted SYBR-Green I (Invitrogen), and the number of stained cells was measured by using an Easy-Cyte flow cytometer (Guava Technologies). Susceptibility to antimicrobial agents was determined by the diffusion method (Jorgensen et al., 1999) using the following six antibiotics: ampicillin (10 µg), penicillin G (10 µg), rifampicin (50 µg), streptomycin (10 µg), tetracycline (30 µg) and vancomycin (30 µg). Both strains were susceptible to ampicillin, rifampicin, tetracycline and vancomycin, but resistant to penicillin G (10 µg) and streptomycin (10 µg). The detailed phenotypic characteristics of strain T are listed in Table 1 and the protologue. Differential phenotypic and genotypic characteristics . Data are from this study unless otherwise indicated. +, Positive; À, negative; W, weakly positive (much weaker intensity of colours or less diffusion of pigment compared with the reference strain). All strains were positive for oxidase; esculin hydrolysis (API 20NE); alkaline phosphatase and esterase (C4) (API ZYM); utilization of cellobiose, gluconic acid and D-glucuronic acid; and acid production from 2-ketogluconate and 5-ketogluconate (API 50CH). All strains were negative for nitrate reduction, indole production, glucose fermentation, arginine dihydrolase and urease (API 20NE); lipase (C14), leucine arylamidase, valine arylmidase, cystine arylamidase, trypsin, a-chymotrypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-galactosidase, b-galactosidase, bglucuronidase, a-glucosidase, b-glucosidase, a-mannosidase and a-fucosidase (API ZYM); utilization of methanol, methylamine, ethanol, glycerol, between SAORIC-476 T and Rubrivirga marina SAORIC-28 T are also presented in Table 1 . Strain SAORIC-476 T was oxidase-and catalase-positive, facultatively anaerobic, rodshaped bacterium that was devoid of flagella (Fig. S1 , available in the online Supplementary Material). Strain SAORIC-476 T could be differentiated from the type strain of the type species of the genus, Rubrivirga marina SAORIC-28 T , by several characteristics including catalase activity, temperature range for growth, anaerobic growth, acid production and carbon source utilization pattern.
The DNA G+C content was determined by using the thermal denaturation fluorimetic method described by Gonzalez & Saiz-Jimenez (2002) and Joung et al. (2014) . For the DNA G+C content analysis, a real-time PCR was carried out using the iQ5 thermocycler (Bio-Rad). For the analysis of cellular fatty acid methyl esters, cells of strain T and Rubrivirga marina SAORIC-28 T were harvested from colonies growing on the equivalent sectors of the plates after incubation on MA for 5 days at 25 C. Fatty acid methyl esters were extracted and identified according to the standard protocols provided by the MIDI/ Hewlett Packard Microbial Identification system (Sasser, 1990 ) using the TSBA 6 database. Determination of respiratory quinones was carried out using TLC and HPLC as described by Minnikin et al. (1984) and Collins (1985) . Polar lipids were extracted according to the procedures described by Minnikin et al. (1984) . Total polar lipids separated by two-dimensional TLC were confirmed by spraying with molybdophosphoric acid, and specific lipids containing functional groups were also identified by spraying with ninhydrin, molybdenum blue and alpha-naphthol solution.
The DNA G+C content of strain SAORIC-476 T was 66.2 mol%, which was approximately 0.9 % higher than that of the reference strain SAORIC-28 T (Table 1 ). The major cellular fatty acids (>10 %) of strain SAORIC-476 T were summed feature 9 (iso-C 17 : 1 !9c and/or 10-methyl C 16 : 0 ; 23.8 %), iso-C 17 : 0 (15.1 %), C 17 : 1 !8c (12.7 %) and iso-C 15 : 0 (12.0 %). The fatty acid compositions of strain T and SAORIC-28 T were generally similar, but the proportions of some fatty acids, including iso-C 15:0 and summed feature 3, were different ( Table 2 ). The polar lipids of strain SAORIC-476 T contained phosphatidylethanolamine, diphosphatidylglycerol, phosphatidylglycerol, three unknown phospholipids and four unknown polar lipids (Fig. S2) . From the polar lipid profile described by Park et al. (2013) , it is evident that the presence of phosphatidylethanolamine, phosphatidylglycerol, diphosphatidylglycerol, unknown phospholipids and unknown lipids is a common feature of the genus Rubrivirga, but the number of unknown phospholipids and unknown polar lipids in strain T was different from that of Rubrivirga marina SAORIC-28 T .
In conclusion, phylogenetic data showing the robust clade formed by SAORIC-476 T and SAORIC-28 T , 96.8 % 16S rRNA gene sequence similarity shared by the two strains, similar chemotaxonomic characteristics and several differential phenotypic characteristics clearly suggest that T represents a novel species of the genus Rubrivirga. Therefore, the name Rubrivirga profundi sp. nov. is proposed for the type strain SAORIC-476 T .
Emended description of Rubrivirga Park et al. 2013
The description of the genus Rubrivirga is as given by Park et al. (2013) with the following amendments. Obligately aerobic or facultatively anaerobic. Predominant polar lipids are phosphatidylethanolamine, phosphatidylglycerol, diphosphatidylglycerol, unknown phospholipids and unknown polar lipids.
Description of Rubrivirga profundi sp. nov.
Rubrivirga profundi (pro.fun¢di. L. gen. n. profundi of/from the depths of the sea)
Cells are Gram-stain-negative, pale-red-pigmented, rodshaped, non-motile and facultatively anaerobic. Colonies are 0.5-1.0 mm in diameter, circular, convex and smooth after 5 days of incubation on MA at 25 C. Cells are C. pH range and optimum for growth is pH 6.0-8.5 (optimum pH 7.5). NaCl is required for growth. Can tolerate at up to 5 % (w/v) NaCl. Catalase and oxidase activities are positive. Alkaline phosphatase, esterase (C4) and N-acetyl-b-glucosaminidase are positive, but esterase lipase (C8), lipase (C14), leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-galactosidase, b-glucosidase, bgalactosidase, a-glucosidase, b-glucuronidase, a-mannosidase and a-fucosidase are negative. Nitrate reduction, indole production, glucose fermentation, arginine dihydrolase and urease are negative, but esculin hydrolysis, gelatinase and PNPG ( The type strain, SAROIC-476 T (=NBRC 110607 T =KACC 18401 T ), was isolated from deep-sea water (depth 3000 m) in the western North Pacific Ocean. The DNA G+C content of the type strain is 66.2 mol%.
